Abstract Even though studies investigating the effect of road transportation on haematological parameters in goats from temperate and hot tropical environments are numerous, few studies have focused on the recovery rate following transportation, especially in the hot, humid tropical environment. This study investigated the haematological parameters and oxidative stress response of goats subjected to 7 h of road transportation in the hot, humid tropical environment and the possible recovery period. Thirty-five healthy Boer goats, aged 2-3, weighing 20-25 kg, were divided into two groups, designated A and B, of 30 and 5 animals, respectively. Group A was transported for 7 h, and blood samples were collected before, 3.5 h on transit, after transport, and on days 3, 7, 16 and 26 post-transport, while five goats served as control. Plasma and h a e m o l y s a t e w e r e p r e p a r e d a n d u s e d t o a s s a y malondialdehyde, superoxide dismutase and glutathione alongside haematological parameters. The differential leukocyte counts of group A were altered following transportation as neutrophils, monocytes and neutrophil/lymphocyte ratios increased significantly (P<0.01) during transport compared to group B. Malondialdehyde value increased significantly (P<0.01) following transportation through day 3 post-transport, while superoxide dismutase and glutathione activities decreased simultaneously following transportation and increased from day 3 through day 7 post-transportation. This study revealed that goats subjected to 7 h of transportation in the hot humid tropical condition experience haematological derangements and oxidative stress which take an average period of 3 to 16 days for recovery.
Introduction
Goats play a vital roles in the livelihood of small-scale farms in developing countries. They contribute to food security and alleviate seasonal food variability and availability either directly through milk and meat productions or indirectly through cash earned from selling their products (Homann et al. 2007) . Transportation is an inevitable husbandry practice which animals unexpectedly encounter in the livestock industry, and it induces untold physiological stress to the transported animals (Minka and Ayo 2012; Adenkola and Ayo 2013) . It has become a critical phase in animal management and often considered as one of the main causes of stress, raising considerable interest both in economic and animal welfare terms (Mormede et al. 1982) . The increasing demand in proteins to feed the ever-growing world population has necessitated the industrialisation of livestock breeding process and transportation of animals across countries with different climatic conditions (Minka and Ayo 2009) . Goats in the tropics are reared under the traditional extensive management system and are often transported over a considerable distance where they are being produced to be marketed or slaughtered (Ayo and Oladele 1996; Minka and Ayo 2007a) . Under normal physiological peroxidation rates, the cells stimulate their survival and maintenance through systemic antioxidants defense mechanism that upregulate the antioxidants as an adaptive stress response. On the other hand, high lipid peroxidation rates, to the extent of oxidative damage, overwhelms repair capacity, and the cells induce programmed cell death, and both processes eventually lead to molecular cell damage which may facilitate the development of various pathologies (Ayala et al. 2014 ). Studies to determine the level of stress on farm animals during transport often have highly variable results as the response of animals to stressors depends on the duration and intensity of the stressors, the animal's previous experience, its physiological status, and the immediate environmental restraints (Nwe et al. 1996) .
Numerous investigations abound on the welfare of livestock during road transportation and the effects of transportation on behavioural changes and physiological parameters in goats from temperate and hot dry environments (Knowles et al. 1999; Ayo et al. 2002 , Odore et al. 2004 ) and on the effect of hot dry environment on behavioural and physiological modifications in transported animals (Minka and Ayo 2007b) . However, there is very little information about the effect of hot humid environments on animal stress by road transportation and particularly on their recovery rates in such conditions (Zulkifli et al. 2010) . The understanding of the physiological responses associated with road transport stress or knowing the animal recovery times could be valuable in adopting simple management practice that could reduce stress associated with handling, loading, and transport of animal from one zone to the other. Therefore, this study aims to evaluate the oxidative status and haematological changes following road transportation and the recovery rate in hot humid tropical conditions.
Materials and methods

Experimental design
The climatic details of Malaysia had been earlier described as hot and humid (Zulkifli et al. 2010) , with temperatures of 32 and 25°C day and night respectively, and a relative humidity between 70 and 80 % during the period of goat transportation measured by a wet-and-dry bulb thermometer (Cocet, Shenzhen, Guangdong, China) . In this study, 35 clinically healthy Boer goats, aged 2-3 years, were divided into groups A and B of 30 and 5 goats, respectively. The animals were non-pregnant females, weighing between 23 and 25 kg. Goats were housed in a standard goat farm pen and were stocked at a rate of 1 m 2 /goat and fed with palm leaves, concentrates, and water ad libitum.
The handling, loading, and transportation procedures of the experimental goats were carried out according to the guidelines governing animal transport welfare by road as reported by Richardson (2005) . An open-roof pick-up van was used for the journey. Goats were stocked at a rate of 0.2 m 2 per animal (Zulkifli et al. 2010) , and the van floor was covered with wood shavings and smooth sand to secure footing. The journey commenced by 1000 h and was terminated at 1700 h. The vehicle travelled for 7 h on the road, covering a total distance of about 350 km with an average speed of 50 km/h for 7 h with a stopover of 20 min in shade, at the middle of the journey. Blood samples were collected during the resting period. Goats were not fed nor watered during stop. The blood samples were kept in on ice and transported to the laboratory. The five goats for control were not transported, and periodic blood samples were also collected and analysed.
Ethical statement
The experimental design was approved in compliance with the humane methods recommended by the Animal Care and Use Committee (ACUC) of Faculty of Veterinary Medicine, Universiti Putra Malaysia (AUP No. 12R159). All animals were handled humanely, and sources of additional stresses were highly minimised during transportation and sampling. The pens were thoroughly cleaned and disinfected several times before the animals were introduced.
Haematology
All the animals were bled by jugular venepuncture, before loading (time 0 h), 3.5 h on transit, immediately after offloading (time 7 h) and 3, 7, 16 and 26 days post-transport. Blood samples (5 mL) were collected into EDTA tubes and analysed by an electronic particle haematology analyser (Celltac MEK-610K, Nihon Kohden). The packed cell volume (PCV) was determined by the microhaematocrit method, and results were expressed in percentage (%), while the haemoglobin concentration (Hb) was determined by Sahli's (acid haematin) method and results were expressed in g/dL (Benjamin, 1978) . The differential leukocyte counts (expressed in %) were determined by counting the first 100 WBC/slide, using a light microscope and an oil objective (Schalm et al. 1975) . The neutrophil/lymphocyte ratios (N/L ratio) were then determined by dividing the total number of neutrophils by the total number of lymphocytes.
Oxidative stress response (malondialdehyde)
The plasma malondialdehyde (MDA) concentration was assayed according to Ohkawa et al. (1979) as previously modified (Tanko et al. 2014) . Briefly, 2.4 mL of 1/12 H 2 SO 4 and 0.3 mL of 10 % sodium tungstate (Na 2 WO 4 ) were added to 0.3 mL of plasma and centrifuged at 2054 ×g for 10 min. Then, 0.5 mL of distilled water, 3 mL of 0.05 N HCl, and 1.0 mL of 1 % thiobarbituric acid (TBA) were added and made up to 5 mL with distilled water. The mixture was kept in water bath at 95°C for 60 min. After cooling, the mixture was centrifuged again at 2054 ×g, the supernatant was collected, and its absorbency was measured in visible spectrophotometer (OPTIZEN 1412 V, Korea) at 532 nm. Standard control was prepared by adding 0.5 mL of distilled water, 3 mL of 0.05 N HCl, and 1 mL of 1 % TBA to 0.3 mL of 10 nmol/L TEP (tetraethoxipropane). The absorbency was measured as described earlier. The concentration of MDA was expressed as nmol/mL of plasma. The concentration was calculated by the equation:
where As=absorbance of the sample, Ab=absorbance of the standard control, Vs=volume of plasma sample and Vt=vol-ume of the total reactive mixture (mL) in cuvette.
Oxidative stress response (superoxide dismutase)
The erythrocyte superoxide dismutase (E-SOD) activity was measured as described by Beutler (1984) and as previously modified (Tanko et al. 2014) . Briefly, 500 μL of haemolysate was added to 1.5 mL of ice-cold distilled water followed by 0.5 mL ethanol and then 0.3 mL chloroform. The solution was mixed after each addition and finally vortexed for 30 s and allowed to stand for 5 min for complete precipitation. The mixture was centrifuged at 2683 ×g for 5 min, and the supernatant (haemolysate extract) was collected and kept in −20°C. Then, 3.9 mL of buffer was added to 70 μL of the haemolysate extract, vortexed and equilibrated with air for 10 min. This was followed by the addition of 40 μL of 20 mM Pyrogallol solution and mixing. The mixture was allowed to stand for 30 s. The blank was prepared by replacing the 70 μL of haemolysate with 20 % (v/v) ethanol. Four tubes were prepared, and the average absorbance was taken. The spectrophotometer was zeroed at 420 nm with deionized water and the absorbance of the blank and the samples read in 1 min. The enzyme activity is defined as:
where BΔA is the rate of spontaneous oxidation of blank control, SΔA is the rate of spontaneous oxidation of sample, Ve is the final volume of extract and Vs is the amount of the sample in the extract.
Oxidative stress response (reduced glutathione)
Glutathione was assayed according to the method described by Ellman (1959) with little modification. Briefly, serial dilutions of 0.2, 0.4, 0.6 and 0.8 mM GSH (reduce glutathione) solutions were prepared from 1 mM GSH stock solution (15.4 mg of GSH in 50 mL of 0.1 N HCl solution). The reaction was initiated by the addition of 0.2 mL from each of the serial dilution including 1 mM GSH solution to 2.3 mL of phosphate buffer (pH 7.6) followed by the addition of 0.5 mL of 1 mM DTNB (19.8 mg of DTNB in 50 mL of phosphate buffer, pH 7.6) solution. The five mixtures were well shaken and incubated at room temperature for 5 min.
The absorbance of each sample mixture was recorded at fixed wavelength λ max of 412 nm, from which a standard curve was constructed. The principle behind the assay was that the sulfhydryl group of glutathione reacts with DTNB, thereby producing a yellow-coloured 5-thio-2-nitrobenzoic acid (TNB). The mixed disulfide, GSTNB (GSH and TNB), that is concomitantly produced is reduced by glutathione reductase to recycle the GSH and produce more TNB. The rate of TNB production was directly proportional to the concentration of rGSH in the sample. Thus, measurement of the absorbance of TNB at 412 nm provides an accurate estimation of the amount of glutathione in the sample. Similar procedure was followed for all samples with the rGSH replaced by samples in triplicates.
Statistical analysis
All data are presented as mean plus or minus standard deviation. Data were analysed using SPSS (version 20, IBM, USA) software and general linear models (GLM) procedure. Statistically significant differences were estimated at P<0.05 using Tukey's honestly significant difference (HSD) and post hoc multiple comparison for observed means. Pearson's correlation coefficient was also used to evaluate the relationships between the parameters investigated.
Results
Haematological parameters
Red blood cell count
The mean red blood cell (RBC) count before, during and following transportation is shown in Fig. 1 . The mean RBC count for group A was not altered during the 7 h of transportation. However, the count decreased from the baseline value of 12.5×10 12 /L to the lowest count of 11.5×10
12 /L at day 3 post-transportation. Thereafter the RBC fluctuated through day 26 post-transportation where the RBC count was 11.9× 10 12 /L. These alterations were not significantly different from the baseline count. Group B, on the other hand, showed less alterations in RBC count throughout the study.
White blood cell count
The mean total white blood cell (WBC) count before, during and after transport is presented in Fig. 2 . The mean WBC count for group A was found to increase significantly (P<0.05) at 3.5 h on transit and peaked after transportation (7 h of transport) with the count reaching 17.9×10 9 /L from the baseline count of 8.7×10 9 /L. However, the mean count decreased sharply through day 3 post-transport where the WBC count was 9.9×10 9 /L. The WBC count then fluctuated slightly to the value of 13.4×10 9 /L at day 26 post-transportation. This indeed signifies that WBC count returns to normal from 3 days after 7 h of transportation where WBC counts were not significantly different from the baseline counts. The control group (group B) recorded no alteration in WBC count throughout the study.
Haemoglobin concentration
The mean haemoglobin (Hb) concentrations before, during and after transport as recorded in this study are depicted in Fig. 3 . The Hb values in group A decreased significantly (P<0.05) from the baseline concentration of 10.6±0.50 g/dL to 8.4±0.44 g/dL through day 3 post-transportation. Thereafter, Hb concentration increased slightly through day 26 posttransportation to a concentration of 9.0±0.5 g/dL. From these concentrations, it was obvious that even though Hb concentration did not return to the baseline concentration at day 26 post-transportation, the recovery starts from day 3 posttransportation. The alterations in Hb concentration from group B were not significant throughout the study period.
Packed cell volume
The mean packed cell volume (PCV) values before, during and following 7 h of transportation is presented in Fig. 4 . The PCV values for group A decreased significantly (P<0.05) following 7 h of transportation through day 3 posttransportation where the value was 24.5 % from the baseline value of 31.4 %. Throughout the 26 days post-transportation, the PCV values did not return to the baseline value as the value was 24.2 % at day 26 post-transportation. Group B, however, did not show any alteration in PCV values throughout the study Differential leucocyte count (neutrophil, lymphocyte, eosinophil and monocyte)
The mean neutrophil count for group A before, during and after transportation is shown in Fig. 5c . Neutrophil count from group A increased significantly (P <0.05) from the baseline count of 4.7 to 11.4 × 10 9 /L after transportation. Thereafter, the neutrophil count decreased to 5.5×10 9 /L at day 3 post-transport. From day 3 posttransportation onward, the alterations in the neutrophil count were not significantly different from group B, indicating that the period of recovery starts from day 3 post-transportation. Lymphocyte count, on the other hand, did not record any significant alteration until day 7 post-transportation, where it increased to 4.2×10 9 /L from the baseline count of 3.2 × 10 9 /L (Fig. 5d) . The value then decreased again to 3.4 × 10 9 /L at day 16 and 2.4×10 9 /L at day 26 post-transportation. Eosinophil was observed to decrease significantly (P<0.05) during transportation from group A, with the lowest value of 0.12×10 9 /L from the baseline value of 0.7×10 9 /L before transportation (Fig. 5e ). The value, however, rose gradually through day 3 post-transportation to 1.5×10 9 / L at day 7 post-transportation, which is significantly (P<0.05) higher than the baseline count. The eosinophil count then decreased to 0.34 at day 26 post-transportation, while eosinophil counts for group B did not record any significant alterations. Monocyte count for group A also increased significantly (P<0.05) following 7 h of transportation from the baseline count of 0.5 to 1.1× 10 9 /L immediately after transport (Fig. 5f ). The count decreased to the baseline value at day 3 posttransportation from where it fluctuated through days 7 and 16 post transportation, reaching the value of 0.5× 10 9 /L at day 26 post-transportation.
Malondialdehyde activity
The mean malondialdehyde (MDA) values observed in this study are shown in Fig. 6 . The mean MDA value decreased through 3.5 h on transit and later increased significantly (P<0.05) following 7 h of transportation. It then decreased steadily through day 3 post-transport and reached baseline values through days 7, 10 and 16 post-transport where a relatively normal MDA active was recorded. There was no significant difference between the groups in MDA activity at 16 days post-transportation. Group B did not show any significant alterations in MDA activity throughout the study period.
Superoxide dismutase activity
The mean superoxide dismutase (E-SOD) values before, during and following transportation are shown in Fig. 7 . Superoxide dismutase activities for group A decreased through the transit period, with the lowest values obtained immediately after transportation. It increased through day 3 and normalised between days 7 and 26 post-transportation with values close to the baseline values. However, group B animals did not show any significant alterations in SOD activities throughout the study.
Reduced glutathione
The serial dilution of the reduced glutathione (rGSH) and the real concentrations of the standards as well as their corresponding absorbance at 412 nm are presented in Table 1 . Following this, a standard curve was constructed (Fig. 8) using these values, and the concentration of rGSH in the samples was determined using the curve. The mean reduced glutathione concentration of the samples as determined from the standard curve is shown in Fig. 9 . The rGSH activities of the animals in group A decreased sharply and significantly (P<0.05) from the baseline value of 79.4 to 53.6 μM immediately following transportation. Glutathione value then increased to 76.4 μM at day 3 post-transportation. The rGSH value thereafter fluctuated through day 26 posttransportation with no significant difference to the baseline value, implying recovery from day 3 post-transportation. However, there were no significant alterations in rGSH for group B throughout the study.
Correlations between haematological parameters and stress indicators
Strong and significant (P<0.01) correlation exists between WBC and rGSH (r=−790), between WBC and neutrophil (r=858), between neutrophil and rGSH (r=−876), between rGSH and N/L ratio (r=−760) and between neutrophil and N/L ratio (r=786), while a moderate and also significant correlation exists between WBC and N/L ratio (r=612), between WBC and monocyte (r=693) and between MDA and rGSH (r=−687). Moderate but significant (P<0.01) correlations were observed between neutrophil and MDA (r=540), monocyte and rGSH (r=−504) and rGSH and monocyte (r=−504). Weak but significant (P<0.01) correlation also exists between WBC and MDA (r=471)
Discussion
Transportation stress had been reported to involve a combination of activities that includes rounding-up, handling and loading coupled with novelty of environment, long standing duration and deprivation of food and water during transport. These series of activities have been reported to result in haematological derangements in animals in temperate and hot arid zones, in goats (Minka and Ayo 2010; Adenkola and Ayo 2013) , in ruminants (Ferguson and Warner 2008) , in pullets (Minka and Ayo 2008) , while information on this aspect in hot humid zones are limited. This investigation considered the oxidative status and haematological derangements of goats following 7 h of transportation in hot humid environmental conditions.
The inconsistent and non-significant results observed from group A following the 7 h of transportation was an indication that road transportation has little effect on RBC count. This finding is in accord with an earlier report (Miranda-de la Lama et al. 2011) which reported non-significant alterations in RBC of lambs following 3 h of transportation on both paved and unpaved roads. The increase in WBC following 7 h of transportation observed in this study is suggestive of transportation-induced increase. This finding is in accord with earlier findings (Earley et al. 2010; Minka and Ayo 2011) where transportation was observed to induce an increase in WBC count of weanling heifers and red Sokoto goats, respectively.
The decrease in the haematocrit values during and after transport as observed in this study could be due to dehydration, and these findings are in agreement with that of Minka and Ayo (2009) who reported that stressors can produce an actual, rather than apparent, decrease in haematocrit values. An earlier study (Tadich et al. 2005) reported a decrease in haematocrit values in animals subjected to transportation stress. Broom et al. (1996) also reported an abrupt decrease in haematocrit values after loading (time zero) and more gradually subsequently. However, these studies focus more on the effect of transportation with little or nothing about the recovery period following transportation unlike the current study. The differential leukocyte counts were altered as evidenced by a decrease in eosinophils and an increase in neutrophils and neutrophil to lymphocyte ratios during and after transport. These findings are in agreement with earlier studies (Kannan et al. 2000; Ambore et al. 2009; Earley et al. 2010 ) which reported increased percentage of neutrophils and N/L ratios during and after transportation. These changes in blood pictures are indicative of body dehydration (Nwe et al. 1996) . This suggested that handling and loading induced both psychological and physiological stress to goats, and this may constitute a serious welfare problem even before the onset of the journey. These alterations were observed to return to baseline values beginning from day 3 post-transportation through day 16 post-transportation, indicating that stabilising goats following 7 h of transportation, especially in the hot humid tropical environment, takes an average of 2 weeks, an information with limited availability in the literature. The lymphopenia recorded following transportation in this study is in accord with the findings of earlier studies (Tarrant et al. 1992; Earley et al. 2010) . In view of the role of lymphocytes in the immune system, lymphopenia resulting from transportation as Fig. 7 Superoxide dismutase before, during and following 7 h of transportation Fig. 6 Malondialdehyde activity before, during and following 7 h of transportation observed in this study could be an indication that the animals will have low resistance to infection due to immunocompromised immune system. The rate of recovery of the haematological parameters in this study varies between 3 to 16 days post-transportation, which is relatively similar to that reported by Zulkifli et al. (2010) in a similar environment.
Plasma malondialdehyde concentration has been widely applied as the most common biomarker for the assessment of lipid peroxidation in biological and medical sciences (Ayala et al. 2014) . In the present study, a significant increase in plasma MDA concentrations was observed immediately after transportation, which is in agreement with the findings of Tanko et al. (2014) who reported a significant increase in MDA activity following about 3 h of transportation of goats in hot humid tropical environment. However, the recovery period observed in this study is longer than that of Tanko et al. (2014) ; the difference may be due to a longer period of transportation (7 h) as against 3 h. The increase in the MDA activities observed in this study could be due to free-radicalinduced lipid peroxidation of the erythrocyte membranes, which leads to increased reactive oxygen species (Hanzawa and Wantanabe 2000) . Our finding of recovery between day 7 and 16 is in relative agreement with the findings of Tanko et al. (2014) who reported that the MDA activities returned to normal 10 days following transportation in a hot humid tropical conditions. This finding is also in conformity with that of Wernicki et al. (2006) who found huge increases in MDA activities on the first 3 days after transportation, with a gradual decline on the 6th day, and a return to baseline levels on the 9th day post-transport. The simultaneous decrease in superoxide dismutase activities following transportation as observed in this study is in accord with earlier studies (Wernicki et al. 2006; Tekelioglu et al. 2010) which reported that increased MDA activity has inverse effect on SOD and consequently their activities. Superoxide dismutase is an enzyme that catalyses the breakdown of reactive oxygen species (ROS) to hydrogen peroxide and water and, under normal physiological conditions, balanced redox reaction is maintained. However, under situations of stress such as the case in this study, ROS accumulation overwhelms the capacity of the enzyme, hence the decline in its concentration and or activity. The SOD activity stabilised between days 7 and 16 as there were no significant differences in SOD activities between these days.
Glutathione reductase performs an auxiliary function in the antioxidant mechanism associated with glutathione. Reduction of the oxidised glutathione restores its antioxidant properties, thereby enabling its participation in reactions catalysed by glutathione peroxidase and glutathione S-transferase, as well as its capacity to directly eliminate ROS (Somani et al. 1996) . In this study, decreased rGSH activities were observed during and following transportation, and this is an indication of disturbances in the glutathione metabolism during and after transportation. Even though these findings have not been reported in road-transport-stressed goats, the findings are relatively in accord with earlier findings in horses (Niedźwiedź et al. 2012) .
The negative correlation between MDA and GSH and the strong positive correlation between GSH and N/L ratios and MDA and N/L ratio are indications that these biomarkers are good indicators of stress since elevated levels of MDA are expected to reduce the activities of SOD and rGSH as previously reported (Tanko et al. 2014) , and the strong positive correlation between GSH and N/L ration is another credible indication as this biomarker increased during stress. This appears to be the first report of haematological alterations and oxidative stress following road transportation stress in goats.
In conclusion, biomarkers of oxidative stress and haematological parameters are useful tools in evaluating animals' welfare and health status. Following the observations made in this study, it was concluded that goats subjected to 7 h of road transport stress in the hot humid environment could experience oxidative stress and haematological derangements which may take 7 to 16 days for recovery. These findings suggest the significance of assessing the oxidative status and haematological parameters of transported goats especially in the hot humid regions with the view to ameliorate the stress for healthier management through supplementation of antioxidants as supportive treatment geared towards enhancing productivity and profitability.
